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Abstract. The recently discovered resonance at 125.5GeV in invariant mass distribution of γ γ and of
l+ l+ l− l− may be tentatively interpreted as a scalar bound state X consisting of two W . In the present
note we consider this option and show that this interpretation agrees existing experimental data including
the last LHC discovery and the bb¯ bump reported by CDF and D0 collaborations at TEVATRON. The
application of this scheme gives satisfactory agreement with existing data without any adjusting parameter
but the bound state mass 125.5GeV . There are pronounced distinctions of the W -hadron option from the
SM Higgs case in decay mode X → γ l+l− and in the cross-section of process p+ p → γ X.
PACS. 12.15.-y – 14.70.Fm – 14.80.Ec
1 Strong effective three-boson interaction
Recent LHC searches for Higgs scalar [1,2,3,4] result in
the outstanding discovery of a state with mass around
125GeV,which manifest itself in decays to γ γ and l+l+l−l−.
The data are consistent with the production of the SM
Higgs scalar. However in numerous comments the results
are considered not only in terms of the SM Higgs, but
also in different extensions of the SM. In any case data
being presented in [1,2,3,4] allow discussion of different
options the more so, as the agreement of the data with
SM predictions is not very convincing.
The present note is based mostly on works [5,6]. We
would discuss an interpretation of the LHC 125.5GeV
state in terms of non-perturbative effects of the electro-
weak interaction. For the purpose we rely on an approach
induced by N.N. Bogoliubov compensation principle [7,8].
In works [9]- [15], this approach was applied to studies of a
spontaneous generation of effective non-local interactions
in renormalizable gauge theories. In particular, papers [14,
15] deal with an application of the approach to the electro-
weak interaction and a possibility of spontaneous genera-
tion of effective anomalous three-boson interaction of the
form
− G
3!
F ǫabcW
a
µν W
b
νρW
c
ρµ ;
W 3µν = cos θW Zµν + sin θW Aµν ; (1)
W aµν = ∂µW
a
ν − ∂νW aµ + g ǫabcW bµW cν .
with uniquely defined form-factor F (pi), which guarantees
effective interaction (1) acting in a limited region of the
momentum space. It was done of course in the framework
of an approximate scheme, which accuracy was estimated
to be ≃ 10% [9].
Would-be existence of effective interaction (1) leads
to important non-perturbative effects in the electro-weak
interaction. It is usually called anomalous three-boson in-
teraction and it is considered for long time on phenomeno-
logical grounds [16,17]. Our interaction constant G is con-
nected with conventional definitions in the following way
G = − g λ
M2W
; (2)
where g ≃ 0.65 is the electro-weak coupling. The current
limitations for parameter λ read [18,19]
− 0.059 < λ < 0.026 ; −0.036 < λ < 0.044 ; (95%C.L.) .
(3)
Interaction (1) increases with increasing momenta p.
For estimation of an effective dimensionless coupling we
choose symmetric momenta (p ,q ,k) in vertex correspond-
ing to the interaction
(2π)4G ǫabc (gµν(qρpk − pρqk) +
gνρ(kµpq − qµpk) + gρµ(pνqk − kνpq) + (4)
+ qµkνpρ − kµpνqρ)F (p, q, k) δ(p+ q + k) + ...;
where p, µ, a; q, ν, b; k, ρ, c are respectfully incoming mo-
menta, Lorentz indices and weak isotopic indices of W -
bosons. Explicit expression for the corresponding vertex is
presented in work [14]. Form-factor F (p, q, k) is obtained
in work [15] using the following approximate dependence
on the three variables
F (p, q, k) = F
(p2 + q2 + k2
2
)
. (5)
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Symmetric condition means
pq = pk = qk =
p2
2
=
q2
2
=
k2
2
. (6)
Interaction (1) increases with increasing momenta p and
corresponds to effective dimensionless coupling being of
the following order of magnitude
geff =
|g λ| p2
2M2W
F
(3 p2
2
)
. (7)
Behavior of geff (t) is presented at Fig. 1.
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Fig. 1. Behavior of the effective coupling geff (t), t = Gp
2;
geff (t) = 0 for t > 148 .
We see that for t ≃ 22 the coupling reaches maximal
value geff = 3.63 (e.g. p(max) ≃ 5.4TeV with G from
the forthcoming solution), that is corresponding effective
α is the following
αeff =
g2eff
4 π
= 1.049 . (8)
Thus for sufficiently large momentum, interaction (1) be-
comes strong and may lead to physical consequences anal-
ogous to that of the usual strong interaction (QCD). In
particular bound states and resonances constituting ofW -
s (W-hadrons) may appear. We have already discussed [6]
a possibility to interpret the would-be CDFWjj excess [20]
in terms of such state.
2 Scalar bound state of two W-s
In the present note we apply these considerations along
with some results of work [15] to the discovered decays to
γ γ and l+ l+ l− l− of LHC 125.5GeV state [1]- [4].
Let us assume that this effect is due to existence of
bound state X of two W with mass Ms. This state X
is assumed to have spin 0 and weak isotopic spin also 0.
Then vertex of XWW interaction has the following form
GX
2
W aµν W
a
µν X Ψ0 ; (9)
where Ψ0 is a Bethe-Salpeter wave function of the bound
state. The main interactions forming the bound state are
just non-perturbative interactions (1, 9). This means that
we take into account exchange of vector boson W as well
as of scalar bound state X itself. In diagram form the
corresponding Bethe-Salpeter equation is presented in Fig.
2.
Fig. 2. Diagram representation of Bethe-Salpeter equation
for W-W bound state. Black spot corresponds to XWW
vertex (9) with BS wave function. Empty circles corre-
spond to point-like anomalous three-boson vertex (1), dou-
ble circle – point-like XWW vertex (9). Simple point –
usual gauge tripleW interaction. Double line – the bound
state X , simple line – W.
We solve equation Fig. 2 with account of normaliza-
tion conditions for Bethe-Salpeter wave function (details
in work [5]).
We introduce Ms = 125.5GeV and then we have
unique solution of the set of equations and conditions with
the following parameters
GX = 0.000666GeV
−1; G =
0.00484
M2W
. (10)
Result (10) means parameter of anomalous triple interac-
tion (1) with account of relation (2)
λ = −GM
2
W
g
= − 0.00744 ; (11)
which doubtless agrees limitations (3).
3 Experimental implications
Thus we have scalar state X with coupling (9, 10). In
calculations of decay parameters and cross-sections we use
CompHEP package [21]. We use parameter GX (10) being
obtained above and Ms = 125.5GeV . Cross-sections of X
production at LHC for energies being used in works[1]- [4]
read
σX = σ(p+ p→ X + ...) = 0.18pb;
√
s = 7TeV ;(12)
σX = σ(p+ p→ X + ...) = 0.21pb;
√
s = 8TeV.
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Parameters of X-decay are the following
Γt(X) = 0.000502GeV ;
BR(X → γγ) = 0.430; BR(X → γZ) = 0.305;
BR(X → 4 l(µ, e)) = 0.00092;
BR(X → b b¯) = 0.000024 .
BR(X → γe+e−) = 0.0231;
BR(X → γµ+µ−) = 0.016; (13)
BR(X → γτ+τ−) = 0.0125;
BR(X → γuu¯) = 0.0478;
BR(X → γcc¯) = 0.0368; BR(X → γdd¯) = 0.0446;
BR(X → γss¯)) = 0.0430; BR(X → γbb¯) = 0.0416 .
For decay X → bb¯ we calculate the evident triangle dia-
gram and use mb(125GeV ) ≃ 2.9GeV . Branching ratios
for decays to other fermion pairs are even smaller. We
see that state X is quite narrow, so we would expect the
observable width of the state to be defined by the corre-
sponding experimental resolution.
Experimental data give in the region of the state the
following results for σγγ = σX BR(X → γγ) [3,4]
µγγ =
σ ×BR(X → γγ)exp
σ ×BR(X → γγ)SM = 1.8± 0.5 ; (14)
µγγ =
σ ×BR(X → γγ)exp
σ ×BR(X → γγ)SM = 1.6± 0.4 .
Here σ × BR(X → γγ)SM ≃ 0.04 pb is the Standard
Model value for the quantity under discussion, upper line
corresponds to ATLAS data [3] and the lower line cor-
responds to CMS data [4]. Firstly both limitations are
quite consistent. Secondly our value for the same quantity
from (12, 13) reads
µγγ =
σ ×BR(X → γγ)calc
σ ×BR(X → γγ)SM = 1.9 ; (15)
that also agrees results (14), however it essentially ex-
ceeds the SM value. At this point it is advisable to discuss
accuracy of our approximations. The former experience
concerning both applications to Nambu – Jona-Lasinio
model in QCD [10,11,13] and to the electro-weak inter-
action [14,15] shows that average accuracy of the method
is around 10% in values of different parameters. So we may
assume, that in the present estimations of coupling con-
stant GX we also have the same accuracy. For the cross-
section this means possible deviation up to 20% of the
calculated value. Thus we would change (15) to the fol-
lowing result
µγγ = (1.9± 0.38) pb ; (16)
Branching ratios (13) do not depend on the value ofGX , so
we assume their accuracy being considerably better than
in (16). In any case result (16) agrees (14).
We would emphasize importance of channelX → γ l+l−.
For this decay mode from (12, 13) we predict for energy√
s = 8TeV
σX BR(X → γl+l−) = (0.0075± 15) pb; (17)
that gives N ∼ 70 events for already achieved luminos-
ity [3,4]. This channel may serve for an accurate test of
our results because the SM Higgs option gives around 5
events [22]. By the way, authors of work [22] call this chan-
nel ”overlooked” and I incline to agree this definition, be-
cause the channel can be effectively registered but have
not been studied yet.
The important difference of our predictions with the
SM results consists in decay channel X → bb¯. For SM
Higgs which is usually considered for explanation of 125.5GeV
state this decay is dominant, whereas our result (13) gives
extremely small BR ≃ 3 10−5. We would emphasize that
SM Higgs interpretation could not be considered as proved
unless bb¯ channel with the proper intensity would be de-
tected. However recently the results of TEVATRON were
reported [23], in which there was an excess of bb¯ events
registered in the region 120GeV < Mbb < 150. Provided
this excess being prescribed to decay of Higgs the result
reads [23]
µbb = 1.97
+0.74
−0.73 ; (18)
that the authors of [23] consider as a confirmation of SM
Higgs interpretation of results [1,2,3,4]. We shall once
more discuss this item after a consideration of the vec-
tor W W bound state.
4 Vector isovector state and the bb¯ bump at
TEVATRON
In work [6] the interpretation of CDF jet− jet enhance-
ment around 140 GeV [20] was considered as a manifesta-
tion of isovector W -hadron with spin 1. We assume that
this excess is due to existence of bound state V of two
W . This state V is assumed to have spin 1 and weak iso-
topic spin also 1. Then vertex of VWW interaction has
the following form
GV
2
ǫabcW
a
µν W
b
νρ V
c
ρµ ΨV ; (19)
where ΨV is a Bethe-Salpeter wave function of the bound
state. The main interactions forming the bound state are
just non-perturbative interactions (1, 19). This means that
we take into account exchange of vector boson W as well
as of vector bound state V itself. Bethe-Salpeter wave
function ΨV provides effective form-factor FV (p) ≡ ΨV (p).
Form-factor FV (p) in work [6] is expressed in terms of the
Meijer functions
FV (p) =
π
2
G2115
(
z|01,0,1/2,−1/2,−1
)
+
C1G
21
15
(
z|1/2
1/2,1/2,1,−1/2,−1
)
+
C2G
20
04
(
z|1/2, 1,−1/2,−1
)
+
C3G
10
04
(
−z|1, 1/2,−1/2,−1
)
. (20)
z =
G2V (p
2)2
1024 π2
; C1 = − 0.015282;
C2 = − 3.6512; C3 = 1.28 10−11.
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Here GV is taken to be
GV =
0.1425
M2W
. (21)
It is 15% smaller than the value being obtained in [6]. We
take this value within the accuracy of the method in view
to obtain consistent agreement of the totality of data to
experiments. Behavior of FV (p) is presented in Fig.3.
1000 2000 3000 4000 5000 6000 7000
-1.0
-0.5
0.5
1.0
Fig. 3. Behavior of form-factor FV (p) for p < 7000GeV ,
GV is defined by (21).
We use form-factor FV (p) for calculation of cross-sections
with the aid of CompHEP package [21]. With value (21)
we have for the cross-section at TEVATRON for produc-
tion of jet jet (W, Z) [20]
σjjW,Z ≃ 1.1 pb (MV = 140GeV ) ; (22)
σjjW,Z ≃ 1.2 pb (MV = 130GeV ) .
These values do not contradict both CDF [20] (σ = 4.0±
1.2 pb) and D0 [24] (σ < 1.9 pb) data.
Let us denote these states as V, V ±. Then neutral state
V has significant BR for decay V → bb¯, BR(bb¯) = 0.143 [6].
The cross-section of V production with accompanyingW±
at TEVATRON also is easily extracted from [6] results
with account of value (21): σ(W± V ) = 1.3 pb. Thus we
have
σ(W± V )×BR(bb¯) ≃ 0.17 pb ; (23)
that is to be compared with experimental number [23],
which was obtained in the course of the SM Higgs search:
σ(W±H)×BR(bb¯) = 0.23+0.09
−0.08 pb ; (24)
σ(W±H)×BR(bb¯)SM = 0.12± 0.01 pb;
where we also show the SM value for this quantity calcu-
lated on assumption of the data being due to the would-be
125.5 GeV Higgs. As a matter of fact, experiment does not
contradict both options but agrees the W-vector bound
state option (23) rather better.
For comparison with LHC data we calculate also the
effect of jet jet decay of 135 GeV V state. For p p,
√
s =
7TeV we have
σjjW,Z = 4.6 pb ; (25)
that agrees recent data [25] σjjW,Z < 5 pb .
5 Comparison to experiments
Thus we have scalar state X with coupling (9,10) and
vector state V a with coupling (19,21). In calculations of
decay parameters and cross-sections we use CompHEP
package [21]. Cross-sections of X production at LHC are
presented in (12). Branching ratios see (13).
From (12, 13) we have for (quite unusual for the Higgs)
decay X → γl+l− (l = e, µ) the following value
σ ×BR(X → γ l+ l−)calc = σγγ SMµγγ calc ×
BR(X → γ l+l−)
BR(X → γ γ) = 0.0075 pb . (26)
This prediction is decisive for checking of the option under
discussion. Remind that we have
σγγ(SM) = σH BR(H → γγ) ≃ 0.04 pb .
Our value for the same quantity from (12, 13) σγγ =
0.079 pb (15), that essentially exceeds the SM value σ(SM).
Note that branching ratios (13) does not depend on the
value of GX . The main results are presented in the follow-
ing Table 1.
µexp µcalc µeff
H(X)→ γγ ATLAS 1.8± 0.5 1.9 –
H(X)→ γγ CMS 1.6± 0.4 1.9 –
H(X)→ 4 l ATLAS 1.2± 0.6 1.05 –
H(X)→ 4 l CMS 0.7± 0.4 1.05 –
H(X)→ bb¯ ATLAS 0.48+2.17
−2.12 0 1.01
H(X)→ bb¯ CMS 0.15+0.73
−0.66 0 1.01
H(X)→ τ τ¯ ATLAS 0.16+1.72
−1.84 0 2.5
H(X)→ τ τ¯ CMS − 0.14+0.76
−0.68 0 2.5
H(X)→ bb¯ FNAL 1.97+0.74
−0.73 0 1.42
Table 1. Comparison of experimental data to SM Higgs
option and the W-hadrons option. Column µeff deals
with effects of production and decay of vector state V .
The last line of Table 1 describes recent joint results of
CDF and D0 on detection of bb¯ pair production in region
of effective masses 120GeV < M < 150GeV [23]. This
result may be considered as a confirmation of data [1,2,3,
4]. In the framework of the present interpretation we pre-
scribe this effect to production of the resonance V (140).
With account of this remark we calculate values of χ2 per
number of degrees of freedom from the Table 1. We have
for the two possibilities:
χ2SM
N
= 1.16 ;
χ2X
N
= 0.24 ; N = 9 . (27)
The first value corresponds to SM Higgs and the second
one corresponds to the option of W -hadrons. As a mat-
ter of fact both options are compatible with data, how-
ever the second one seems for the moment to be prefer-
able. Resonance V (140) also give contribution to process
p + p → (W,Z) + jet jet + ... . CMS result [25] gives
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limitation for possible contribution σ < 5 pb of a reso-
nance with mass 120GeV < MR < 150GeV . The con-
tribution for this process of the resonance V(140) is cal-
culated above (25). Thus we have here also absence of a
contradiction. We would hope that the forthcoming re-
finement of data should decide definitely for one definite
variant1. For the decisive criterion for the discrimination
of two variants being discussed we would emphasize the
importance of channel X → γ l+l−. For this decay mode
from (12, 13) we predict
σX BR(X → γl+l−) = (0.0075± 15) pb; (28)
whereas for SM Higgs option such process is negligible.
The decay (17) gives N ≃ 70 events for already achieved
luminosity [1,2,3,4]. This channel might serve for accurate
test of our results.
There is also promising process p + p → γ + X + ...,
with cross-section strongly exceeding the cross-section of
the process p+p→ γ+H+ .... This is due to X Z γ vertex
in interaction (9).
For illustration of effects we show in Table 2 the ap-
proximate number of events for processes under discus-
sion. We present 3 values of the total energy: 7 TeV, 8 TeV
and 14 TeV.
√
s ; L 7TeV 8TeV 14TeV
N(X → γγ) 380 1400 5900
NSM (H → γγ) 200 780 3300
N(γ + (X → 2γ)) 17.5 66 285
NSM (γ + (H → 2γ)) 0.015 0.056 0.0243
N(X → γe+e−) 21 77 322
N(X → γµ+µ−) 15 53 223
NSM (H → γl+l−) 1.2 4.5 19.3
Table 2. Number of events for processes (with 100%
efficiency). Energies 7GeV, 8GeV, 14GeV correspond
respectively to luminosities 5 fb−1, 15 fb−1, 30 fb−1.
We also would draw attention to difference of our pre-
dictions with the SM results in decay channel X → bb¯. For
SM Higgs which is usually considered for explanation of
would-be 125GeV state this decay is dominant, whereas
our result (13) gives extremely small BR ≃ 3 10−5 (see
Table 1). We would emphasize that SM Higgs interpreta-
tion could not be considered as proved unless bb¯ channel
with the proper intensity would be detected.
We would also draw attention to quite promising pro-
cess p p → γ + X + ... with X → γ γ. Our option gives
for the process cross-section
σ(γ,X → 2γ + ...) ≃ 3.6 fb at LHC, that for already
reached luminosity 4.8 fb−1 gives around 17 events, whereas
for the SM Higgs option the effect is negligible. This pro-
cess could provide a decisive test of our proposal, the more
so as the amount of experimental data will increase in the
near future.
1 Of course, one have to bear in mind also other options for
interpretation of the effect.
6 Conclusion
Thus we have an alternative interpretation of LHC phe-
nomenon at 125.5GeV . The overall data do not contradict
both the SM Higgs option and the description in terms of
the scalar W-hadron X with account of the vector W-
hadron V , which we discuss here. However our estimates
of the effects seem to fit data rather better. The forthcom-
ing increasing of the integral luminosity will undoubtedly
discriminate this two options. Especially we would draw
attention to processes
p p → (X → γ l+l−) + ...;
p p → γ + (X → γγ) + ...;
in which according to Table 2 the effect essentially exceeds
the SM predictions.
We would draw attention to the non-perturbative ef-
fects, which are decisive for the presented option. JustW -
hadrons in case of confirmation of their existence would
follow from non-perturbative electro-weak physics, almost
in the same way as the usual hadrons follow from non-
perturbative effects in QCD.
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